Background: Although some recent studies have indicated an association between metabolic syndrome (MetS) and musculoskeletal disease, little is known about the association of MetS with low back pain (LBP). The present study aimed to investigate sex differences in the association of MetS and the clustering of MetS components with LBP among middle-aged Japanese individuals. Methods: Study subjects were 45,192 adults (30,695 men, 14,497 women) aged 40-64 years who underwent annual health checkups conducted from April 2013 to March 2014. MetS was defined according to the criteria of the Examination Committee of Criteria for MetS in Japan as abdominal obesity plus at least two of dyslipidemia, high blood pressure, or high blood glucose. Information on LBP and health-related lifestyles were collected using a self-administered questionnaire. Logistic regression modeling was used to calculate the odds ratio (OR) and 95% confidence interval (CI) for LBP. Results: After adjusting for age and lifestyle factors, the OR of MetS for LBP was 1.15 (95% CI 0.95-1.40) in men and 2.16 (95% CI 1.32-3.53) in women. Compared to subjects without abdominal obesity, the presence of abdominal obesity significantly increased the OR for LBP among men (abdominal obesity only: OR 1.34, 95% CI 1.02-1.76; abdominal obesity plus one component: OR 1.24, 95% CI 1.01-1.52; abdominal obesity plus two or more components: OR 1.26, 95% CI 1.02-1.55). Among women, adding other components of MetS to abdominal obesity significantly increased ORs for LBP (abdominal obesity only: OR 1.70, 95% CI 0.94-3.08; abdominal obesity plus one component: OR 1.66, 95% CI 1.06-2.60; abdominal obesity plus two or more components: OR 2.30, 95% CI 1. 41-3.78). Conclusions: This large-scale cross-sectional study indicated that MetS was significantly associated with LBP among women only and that a sex-difference existed in the association between the clustering of MetS components and LBP. Clustering of MetS components by sex may need to be considered for the prevention of LBP, although further prospective studies are needed to clarify the causality.
Background
Metabolic syndrome (MetS) consists of a cluster of cardiovascular risk factors, and many studies have indicated that MetS was associated with early atherosclerosis [1, 2] . Moreover, accumulation of MetS components is well understood to be associated with increased risks of cardiovascular disease (CVD) and mortality [3] [4] [5] . Recently, several studies have investigated associations of MetS with musculoskeletal diseases, including knee osteoarthritis [6] , osteoporosis [7] , and intervertebral disc degeneration [8] .
Low back pain (LBP) is a major musculoskeletal health problem. Globally, LBP represents one of the leading cause of disability [9] and carries an enormous socioeconomic burden including treatment costs and loss of work productivity [10, 11] . LBP is therefore an important public health issue.
Among the multifactorial etiology of LBP, atherosclerosis of the lumbar arteries has been suggested to obstruct blood supply, leading to disc degeneration and LBP [12, 13] . Several studies have reported that subjects with LBP showed more frequently missing or narrowed arteries in the lumbar region [14, 15] . In addition, an association of LBP with abnormal lipid levels has been found in previous studies [16] [17] [18] [19] . Moreover, given that LBP and MetS share risk factors including age, obesity, and lifestyle habits [20, 21] , MetS could be associated with LBP.
Although several studies have investigated associations between LBP and individual components of MetS such as abdominal obesity [22] , hypertension [23] , impaired blood glucose [24] , and lipid disturbance [17] , data on the relationship between LBP and MetS itself are very scarce in the population setting. Only one communitybased study has described such associations [25] , indicating a significant association between LBP and MetS in women only. However, the effects of the clustering of MetS components on LBP were not investigated in that study. Clarifying the association of LBP with the accumulation of MetS components may have implications for interventions and advice for the prevention of LBP. The aim of the present study was to investigate the associations of LBP with MetS and the clustering of MetS components in a Japanese population using large-scale health checkup data. We analyzed these associations by sex according to a previous study [25] that reported a sex difference in the association of MetS with LBP.
Methods

Study population
The present study was designed as a cross-sectional study. Subjects in the present study were men and women aged 40-64 years who underwent an annual health checkup conducted by the All Japan Labor Welfare Foundation, a health checkup center in Japan during the period from April 2013 to March 2014. Of the total of 310,577 subjects who underwent the health checkup and answered the self-administered questionnaire, 310, 498 subjects agreed to use their own health checkup data for research. Of these subjects, we excluded 189, 156 subjects with missing data for any of the components of MetS. We further excluded 76,150 subjects who did not undergo blood collection in a fasted state (≥ 12 h). As a result, data from 45,192 participants (30,695 men, 14,497 women) were analyzed. Written informed consent for the use of personal information in this study was obtained from all participants. This study protocol was approved by the Medical Ethics Committee of Showa University School of Medicine (Approval No. 2407) and the Ethics Committee of the All Japan Labor Welfare Foundation (Approval No. 9-1-0007).
Measurements
Demographic information (age, sex), medication use, and health-related lifestyles were investigated using a self-administered questionnaire, which was recommended for specific health checkups by the Ministry of Health, Labour and Welfare in Japan [26] . All participants were required to complete the questionnaire at the time of their health checkup. Information on healthrelated lifestyles included smoking habits (none, former, current), alcohol intake (none, sometimes, everyday), and regular physical activity equal to walking (≥ 60 min/ day or < 60 min/day). LBP was self-reported by the question "Do you have LBP under treatment including follow-up?" [27] . Height, weight, and waist circumference of participants were measured by trained staff. Height and weight were measured in increments of 0.1 cm using a stadiometer, and increments of 0.1 kg using a scale, respectively. Waist circumference was measured to the nearest 0.1 cm at the level of the umbilicus in a standing position. Blood pressure was measured in the sitting position using an automated sphygmomanometer (HEM-907; Omron, Kyoto, Japan). Age was divided into strata of 40-49, 50-59, and 60-64 years for statistical analyses [18] .
A venous blood sample was collected from each participant and analyzed within 24 h of being drawn at an external laboratory (SRL, Tokyo, Japan). High-density lipoprotein cholesterol (HDL-C) was measured using a direct method (AU5400; Beckman Coulter, Tokyo, Japan), while triglyceride was determined by an enzyme method (AU5400; Beckman Coulter, Tokyo, Japan). Blood glucose level was obtained by the hexokinase method (AU5400; Beckman Coulter, Tokyo, Japan).
Definition of MetS
MetS was defined according to the criteria of the Examination Committee of Criteria for Metabolic Syndrome in Japan [28] : abdominal obesity (waist circumference ≥ 85 cm in men, ≥ 90 cm in women) plus at least two of the following three components-(1) dyslipidemia (triglyceride ≥ 150 mg/dL and/or HDL-C < 40 mg/dL and/or medication use for dyslipidemia), (2) high blood pressure (systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure≥ 85 mmHg and/or taking antihypertensive medication), and (3) high blood glucose (fasting plasma glucose ≥ 100 mg/dL and/or taking antidiabetic medication).
Statistical analysis
Data are presented as median (25th, 75th percentiles) for continuous variables or as number (percentage) for categorical variables. The chi-square test was used to compare proportions of each component of MetS between groups with and without LBP. To evaluate the relationship between MetS and LBP, a logistic regression model was employed to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for LBP. In the model, age, smoking habits, alcohol intake, and physical activity were included to control for potential confounders [29, 30] . The same logistic regression analyses were then performed to evaluate relationships between accumulation of MetS components and LBP. All statistical analyses were performed using JMP version 13.0 (SAS Institute Japan, Tokyo, Japan). A value of p < 0.05 was set as statistically significant, and all reported p values are two-sided.
Results
Mean age (standard deviation) of the participants in this study was 50.5 (7.1) years, and 67.9% were men. Table 1 shows characteristics of study participants by sex. The prevalence of LBP under treatment was 2.1% in men, and 1.7% in women. The prevalence of MetS was 17.6% in men, and 3.5% in women.
Comparisons of each component of MetS between participants with and without LBP are shown in Table 2 . The proportion of abdominal obesity was significantly higher in participants with LBP than in those without LBP for each sex (p < 0.001). No significant associations were observed in other components of MetS, including dyslipidemia, high blood pressure, and high blood glucose between participants with and without LBP.
Crude and adjusted ORs and 95% CIs of MetS for LBP are shown in Table 3 . Crude OR (95% CI) of MetS for LBP was 1.20 (0.98-1.45) in men, and 2.27 (1.37-3.63) in women. Even after adjusting for age and lifestyle factors, the associations remained. The interaction of sex and MetS on LBP was statistically significant (p = 0.021).
Associations between the clustering of MetS components and LBP are described in 
Discussion
The present study investigated the associations of MetS and the clustering of MetS components with LBP among a middle-aged Japanese population. As a result, sex differences in associations were observed; the presence of abdominal obesity was significantly associated with LBP among men, whereas the accumulation of one or more MetS components with abdominal obesity was associated with LBP among women. To the best of our knowledge, this represents the first study to examine sex differences in associations between the clustering of MetS components and LBP.
Our results indicated that the association of MetS with LBP was found in women, but not in men. Ono et al. investigated the association between MetS and LBP among 2650 adults aged 40-74 years in Fukushima Prefecture, Japan [25] . They identified a significant relationship between MetS and LBP in women, but not in men, consistent with our results. A possible explanation for sex differences in the association between MetS and LBP may include disparities in the potency of vascular risk factors. MetS is more likely to influence increased risks for stroke [31, 32] or coronary heart disease [3, 4] in women compared to men. Moreover, several studies have indicated that the effect of MetS on carotid atherosclerosis assessed using ultrasonography was more pronounced in women than in men [1, 2] ; this implies that the impact of MetS on atherosclerosis is stronger in women than in men. As one of the underlying mechanisms of LBP, the involvement of atherosclerosis that decreases blood supply to the lumbar region and leads to disc degeneration or LBP has been suggested in several studies (atherosclerosis-LBP hypothesis) [12, 13] . Sexbased differences in the effects of MetS on atherosclerosis might be involved in the results of the present study, although it is difficult to discuss in detail because of lack of imaging tests in lumbar region.
Several recent studies have investigated the effects of the clustering of MetS components on musculoskeletal disorders [6, 8] , as well as on CVD or mortality [3, 4] . In addition, the associations of LBP with individual factors of MetS have been investigated, including abdominal obesity [22] , hypertension [23] , dyslipidemia [17] , and impaired blood glucose [24] . However, none have investigated the effect of the accumulation of MetS components on LBP. We therefore analyzed the relationship between clustering of MetS components and LBP. As a result, abdominal obesity increased the OR for LBP among men, irrespective of the further addition of other components. This result may imply that abdominal obesity was an independent factor associated with LBP. Obesity is an important risk factor for LBP; in particular, abdominal obesity might have a great influence on LBP with regard to greater torque and compression loads on the lumbar spine [33] . Moreover, Fan et al. reported that abdominal obesity was significantly associated with atherosclerosis (carotid intima-media thickness) for men only [34] . These studies suggest that our findings were reasonable.
Among women, the addition of one or more MetS components to abdominal obesity significantly increased the OR for LBP, whereas abdominal obesity alone did not show a significantly increased OR for LBP. This result suggests that people who have abdominal obesity and one of the other MetS components, as the "risk group for MetS (pre-MetS) [35] ," tend to have LBP. This finding may imply that an intervention for individuals before developing MetS leads to the prevention of LBP. The sex-specific effect of inflammation on MetS might help to interpret the present results. For instance, inflammation has been suggested to be more strongly associated with MetS in women than in men [36, 37] . Moreover, C-reactive protein level, as a marker of inflammation, has been indicated to be higher with an increasing number of MetS components in women than in men [38] and to be a significant predictor of the development of MetS in women [39] . In addition, pro- Values are presented as median (25th and 75th percentile), except where indicated as n (%) inflammatory cytokines have been indicated to increase in subjects with LBP and have been suggested to be involved in the pathophysiology of LBP [40, 41] . In these points, further research including biochemical assessment is required to elucidate the relationship.
In the present study, we set LBP under treatment as the outcome of interest. We think that it is important to investigate the characteristics of the disease under treatment from the perspective of public cost. Also in the Comprehensive Survey of Living Conditions, a nationally representative survey conducted by Japanese government (Ministry of Health, Labour and Welfare), many diseases/symptoms under treatment (regardless of treatment options) have been investigated in every 3 years [27] . Moreover, LBP has been indicated to be one of the highest symptoms in the treatment cost (including medical and pharmacy) among health conditions [11] . A better definition of LBP including treatment option which was not provided in this study might have been useful to delineate the relationship between LBP and MetS in more detail.
A key strength in the present study was the large-scale sample (over 40,000 participants), which contributed to decrease the random error. Moreover, although many studies regarding MetS have used body mass index as an alternative to waist circumference, or non-fasting blood to ensure the number of subjects in research [6, 8, 42] , we used waist circumference and fasting blood to define MetS accurately. In contrast, some limitations should be noted in this study. First, our study might have the possibility of sampling bias because of a large number of excluded subjects. Differences in characteristics between excluded and included subjects were observed as follows: for example, the proportion of men was 65.8% vs. 67.9% (p < 0.001), the proportion of alcohol consumption (everyday) was 33.2% vs. 32.8% (p < 0.001), and the proportion of physical activity (≥ 60 min/day) was 33.6% vs. 32.9% (p < 0.001). Although these data were statistically significant, the main reason to the observed significance seems to be due to large populations. Second, we used a self-administered questionnaire to collect data on LBP, and no information on specific clinical examinations or [21, [43] [44] [45] . We therefore cannot exclude the possibility of confounding from unmeasured variables in this study. Finally, the causal relationship between MetS and LBP could not be examined due to the cross-sectional nature of the study design. We thus cannot deny the possibility that LBP could contribute to an unhealthy lifestyle, leading to the development of MetS. Prospective studies are needed to examine the causality.
Conclusions
This large-scale cross-sectional study identified a significant relationship between MetS and LBP in women, but not in men. Moreover, the presence of abdominal obesity was significantly associated with LBP among men, while the accumulation of one or more MetS components along with abdominal obesity was associated with LBP among women. Although further prospective studies are needed to clarify the type of causality, consideration of the clustering of MetS components by sex may be necessary for the prevention of LBP. OR odds ratio, CI confidence interval, LBP low back pain *Adjusted for age, smoking habits, alcohol intake, and physical activity
